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(57) ABSTRACT 

To provide measurement data on a real time basis from a laser 
measurement device mounted on an air vehicle to a ground 
station. The laser measurement unit sequentially outputs laser 
measurement data during a measurement period in which the 
air vehicle ?ies along a straight line ?ight fairway (32). The 
transmission unit desirably compresses the laser measure 
ment data when the laser measurement data is accumulated to 
a ?le siZe while the air vehicle ?ies along straight line ?ight 
fairway (32), and transmits the laser measurement data to the 
ground station. The transmission units does not transmit the 
?ight state data obtained by the GPS/IMU to the ground 
station on the straight line ?ight fairway (32), but transmits 
during a measurement suspended period in which the air 
vehicle ?ies along a turn fairway (34). 

5 Claims, 5 Drawing Sheets 
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LASER MEASUREMENT DEVICE AND 
LASER MEASUREMENT METHOD 

TECHNICAL FIELD 

The present invention relates to a laser measurement device 
and a laser measurement method for use in measurement 
carried out betWeen an air vehicle and the ground, and more 
particularly to transmission of measurement data from an air 
vehicle to a ground station. 

BACKGROUND ART 

As a laser measurement method for emitting a laser beam 
from an air vehicle such as an aircraft or the like to obtain 
information about concave and convex shapes on the earth’s 
surface from the ground, there is available a method disclosed 
in Patent Document I mentioned beloW. In general, in such 
measurement using an aircraft, many laser pulses are emitted 
from the aircraft toWard the ground because a target measure 
ment area is relatively large and highly accurate measurement 
is desired. Speci?cally, as information about an emission 
time, an emission direction, and a plurality of return pulses 
are obtained for every laser pulse, a huge amount of data is 
resultantly obtained in the aircraft. According to the conven 
tional art, the data obtained by the aircraft is stored in a data 
recording unit mounted in the aircraft and, after completion of 
the measurement, this data is transferred to a data processing 
device on the ground to be processed and analyZed. 

HoWever, in situations such as ascertaining the ground 
conditions at the time of disaster, for example, quick response 
capability is required. In vieW of the above, a laser measure 
ment system capable of data analysis Without Waiting for the 
aircraft to land has been developed. 
Patent Document 1: Japanese Patent Laid-open Publication 

No. 2003-156330 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 
In order to improve the quick response capability, the huge 

amount of data obtained in the aircraft needs to be radio 
transmitted. HoWever, ef?cient transmission of such a huge 
amount of data to the ground by utiliZing limited transmission 
capacity is not readily achievable. 

The present invention has been conceived in order to 
address the above-described problem, and aims to provide a 
laser measurement device and a laser measurement method 
for ef?ciently transmitting data obtained in an air vehicle to 
the ground. 

Means for Solving the Problem 
According to one aspect of the present invention, there is 

provided a laser measurement device for emitting laser pulses 
from an air vehicle to a ground surface in order to measure the 
shape of the ground surface, comprising a laser measurement 
unit for carrying out laser measurement, using sequentially 
generated laser pulses, to obtain laser measurement data for 
each of the laser pulses; a ?ight state measurement unit for 
obtaining ?ight state data containing a ?ight position; and a 
data transmission unit for radio transmission of the laser 
measurement data and the ?ight state data to a ground station, 
Wherein the data transmission unit sequentially transmits, 
during a measurement period in Which the laser measurement 
unit continues to carry out the laser measurement, the laser 
measurement data obtained during the measurement period, 
and transmits, during a measurement suspended period 
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2 
de?ned betWeen the measurement periods, the ?ight state 
data obtained during the measurement period. 

In one embodiment of the present invention, the air vehicle 
may scan a target measurement area While repeating straight 
line ?ight back and forth, the measurement period may be set 
corresponding to a period for the straight line ?ight, and the 
measurement suspended period may be set corresponding to 
a period for turn ?ight carried out betWeen the straight line 
?ight and subsequent straight line ?ight. 

In another embodiment of the present invention, the data 
transmission unit may transmit the laser measurement data 
and the ?ight state data after accumulation of the laser mea 
surement data and the ?ight state data, and the measurement 
period and the measurement suspended period may be dis 
criminated from each other based on a status of the data 
accumulation. 

According to another aspect of the present invention, there 
is provided a laser measurement method for emitting laser 
pulses from an air vehicle to a ground surface to measure a 
shape of the ground surface, comprising a measurement step 
of carrying out laser measurement using the laser pulses 
sequentially generated While the air vehicle carries out 
straight line ?ight above a target measurement area to obtain 
laser measurement data for each of the laser pulses, and of 
obtaining ?ight state data containing a ?ight position in par 
allel With acquisition of the laser measurement data; a laser 
measurement data transmission step of sequentially transmit 
ting the laser measurement data obtained during a period for 
the straight line ?ight by radio to a ground station during that 
period; and a ?ight state data transmission step of transmit 
ting by radio, during a period for turn ?ight in Which the ?ying 
body shifts from the straight line ?ight above the target mea 
surement area to folloWing straight line ?ight, the ?ight state 
data obtained during a period for the preceding straight line 
?ight, to the ground station. 

EFFECT OF THE INVENTION 

According to the present invention, laser measurement 
data, Which is produced at a higher data rate than the ?ight 
state data, is sequentially processed through compression, 
encoding, and so forth, for example, With priority given to the 
?ight state data, and transmitted to a ground station. Due to 
the higher production rate, the laser measurement data is 
accumulated to an amount suitable for compression and 
transmission in a shorter period of time. Thus, continuous 
processing of the laser measurement data With priority can 
improve ef?ciency in data compression in the air vehicle and 
in use of transmission path. Meanwhile, ?ight state data 
obtained during a measurement period is accumulated, and 
once a certain amount of such data is accumulated, is pro 
cessed. This arrangement can ensure transmission e?iciency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram outlining a laser measurement carried 
out using a ?ight object such as an aircraft, a helicopter, or the 
like; 

FIG. 2 is a diagram explaining a return pulse; 
FIG. 3 is a block diagram shoWing a structure of a laser 

measurement unit, a GPS/IMU, and a transmission unit; 
FIG. 4 is a schematic diagram shoWing an output format of 

data sent from a pulse data production unit; 
FIG. 5 is a schematic diagram shoWing an output format of 

data sent from a GPS/IMU data production unit; 
FIG. 6 is a graph shoWing changing of laser emission time 

data; and 
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FIG. 7 is a schematic diagram explaining a transmission 
method for transmission from an air vehicle to a ground base 
station. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

In the following, an embodiment of the present invention 
(hereinafter referred to as an embodiment) Will be described 
With reference to the accompanying draWings. 

FIG. 1 is a diagram outlining laser measurement using an 
air vehicle such as an aircraft, a helicopter, or the like. The air 
vehicle 1 has a laser measurement unit 4, a GPS/IMU (Global 
Positioning System/ Inertial Measurement Unit) 22, and a 
transmission unit 6, all mounted thereon. The laser measure 
ment unit 4 comprises a laser scanner 2, a re?ected Wave 
receiving sensor 8, and a POS (Position Orientation System) 
20. 

The laser scanner 2 comprises a laser emitting unit 211 for 
emitting, under control by a control unit (not shoWn), laser 
pulses at a predetermined time interval, and a spin mirror 2b 
for changing, under control by a control unit (not shoWn), the 
irradiation direction of the laser pulses Within a predeter 
mined angular range for ground scanning. 

The re?ected Wave receiving sensor 8 detects a re?ected 
pulse (a return pulse) from the ground surface With respected 
to an emitted laser pulse. 

The POS 20 produces a time stamp, or information about a 
data acquisition time. 

The GPS/IMU 22 outputs information about the GPS posi 
tion and inclination of the air vehicle 1 as ?ight state data. 

The transmission unit 6 accumulates the data (laser mea 
surement data) obtained by the laser measurement unit 4 and 
the data (?ight state data) obtained by the GPS/IMU 22, then 
processes the accumulated data though compression or the 
like, and sends the data by radio to the ground base station. 

FIG. 2 is a diagram explaining a return pulse. Speci?cally, 
one emitted laser pulse is re?ected on objects on the ground a 
plurality of times (generally, one to ?ve times), so that a 
plurality of return pulses are accordingly detected. The 
re?ected Wave receiving sensor 8 outputs, as return pulse data 
Pkn, capture time information about the kth return pulse rela 
tive to the nth emitted pulse. The return pulse data Pkn 
describes a period of time elapsed after emission of a laser 
pulse, Which is then re?ected on the ground surface or an 
object on the ground, before capturing of the re?ected pulse 
by the re?ected Wave receiving sensor 8. 

In addition to the return pulse data Pkn, the laser measure 
ment unit 4 obtains, as laser measurement data, emission time 
data Tn about a laser pulse, rotational angle data 6n about the 
spin mirror 2b at that time, and a time stamp TSn at that time. 
The rotational angle data 6n means an irradiation angle of a 
laser pulse as the irradiation direction in Which the laser 
emitting unit 211 emits a laser pulse varies due to the spin 
mirror 2b. 
As Will be described later, in the ground base station, the 

distance betWeen the air vehicle 1 and the ground surface is 
calculated based on the observed data comprising the return 
pulse data Pkn or the like, using the GPS/IMU information as 
a rating element, to thereby calculate the position and height 
of the ground surface. 

It should be noted that the laser measurement data and the 
?ight state data may be output in the form of a numeric value 
Which is made dimensionless due to the structure of the laser 
measurement unit 4 or the GPS/IMU 22, and that time infor 
mation, including the laser pulse emission time, return pulse 
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4 
data, and so forth, may be a period of time elapsed after the 
measurement begins, for example. 

FIG. 3 is a block diagram shoWing a structure of the laser 
measurement unit 4, the GPS/IMU 22, and the transmission 
unit 6. As described above, the laser measurement unit 4 
comprises the laser scanner 2, the re?ected Wave receiving 
sensor 8, and the POS 20, and outputs laser measurement data 
to the pulse data production unit 9. The GPS/IMU 22 outputs 
?ight state data to the GPS/IMU data production unit 10. 

FIG. 4 is a schematic diagram shoWing an output format of 
data from the pulse data production unit 9. FIG. 5 is a sche 
matic diagram shoWing an output format of data from the 
GPS/IMU data production unit 10. As described above, the 
pulse data production unit 9 outputs a data string comprising 
output values corresponding to respective emitted pulses, in 
Which each emission pulse (laser pulse) serves as a unit and 
the values are arranged in a predetermined order. The data 
format shoWn in FIG. 4 is one de?ned under the assumption 
that return pulse data Pkn up to the ?fth order is obtainable 
relative to each emission pulse, in Which time stamp TSn, 
laser pulse emission time data Tn, mirror rotational angle data 
6n, and return pulse data Pkn are stored in this order from the 
head of the data (FIG. 4). It should be noted that, as described 
above, return pulse data Pkn is not alWays obtained up to the 
?fth order, and that “0”, for example, may be stored in a 
storage position for the order for Which no return pulse data is 
obtained. 

MeanWhile, the GPS/IMU data production unit 10 outputs 
GPS time TAn, IMU time TBn, x direction acceleration VXn, 
x direction angle AXn, y direction acceleration VYn, y direc 
tion angle AYn, Z direction acceleration VZn, and Z direction 
angle AZn, as shoWn in FIG. 5. Data acquiring timing for the 
GPS/IMU 22 is set in synchronism With, but less frequent 
than, the laser pulse emission timing. Then, an output value 
from the GPS/IMU data production unit 10 is made to corre 
spond to the value of an output from the pulse data production 
unit 9 by utiliZing a subscript “n” representative of a pulse 
number. 

With the laser measurement by the air vehicle 1 begun, the 
data obtained by the laser measurement unit 4 and the GPS/ 
IMU 22 is output to the pulse data production unit 9 or the 
GPS/IMU data production unit 10. Then, the pulse data pro 
duction unit 9 and the GPS/IMU data production unit 10 
produce a predetermined data string based on the data 
received, and outputs the data to the transmission unit 6. For 
example, an output from the pulse data production unit 9 is 
input to the compression unit 11 of the transmission unit 6 
(step S1). 
The compression unit 11 comprises a data separation unit 

11a, a compression processing unit 11b, and an encoding unit 
110, and compresses received data. The compression is car 
ried out on the data in a relatively small unit, such as 4M bytes 
or the like, for example, compared to the entire data, in order 
to improve immediacy. 
As shoWn in FIG. 4, the data separation unit 1111 divides the 

pulse data input from the pulse data production unit 9 into 
four kinds of data strings SD(TS), SD(T), SD(G), and SD(P), 
namely, time stamp TSn, laser pulse emission time data Tn, 
mirror rotational angle data 6n, and return pulse data Pkn 
(step S2), and outputs the respective divided resultant data SD 
to the compression processing unit 11b. As shoWn in FIG. 4, 
the time stamp TSn, the laser pulse emission time data Tn, and 
the mirror rotational angle data 6n in the data strings SD(TS), 
SD (T), and SD(G), respectively, Which result from the divid 
ing, are arranged in the pulse emission order. The return pulse 
data Pkn in the data string SD(P) has a format in Which data 
groups, each comprising ?ve data items having identical 
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pulse emission orders and arranged in a re?ection order, are 
arranged in the pulse emission order. A data end mark is 
inserted into the boundary betWeen the data groups, When 
necessary, in the data SD(P). 

The compression processing unit 11b compresses the 
respective data according to different algorithms, utilizing the 
characteristics of the respective divided resultant data strings 
SD (step S3). 

Speci?cally, as the time stamp TSn output from the POS 20 
has a value, in most of the cases, identical to the subordinate 
tWo digits of the mirror rotational angle data 6n in this 
embodiment, replacement of the time stamp TSn by a differ 
ence value betWeen the time stamp TSn and the mirror rota 
tional angle data 6n results in most of the time stamps TSn 
being replaced by 0. As a result, the data amount can be 
compressed. 

FIG. 6 shoWs a graph shoWing laser emission time data 
changing, in Which the abscissa represents a laser pulse emis 
sion order and the ordinate represents emission time. As 
shoWn, the emission time tends to be distributed, relative to 
the laser pulse emission order, on cyclically repeating 
upWard-sloping straight lines. Because of this characteristic, 
a secondary difference value of adjacent emission time data 
Tn is expected to be a small value distributed in the vicinity of 
0. Therefore, use of the secondary difference value enables 
compression of the emission time data. 

In the folloWing, compression of mirror rotational angle 
data GnWill be described. As a line diagram concerning a laser 
pulse emission order and a mirror rotational angle in Which 
the ordinate represents mirror rotational angle data 6n and the 
abscissa represents a laser pulse emission order can be 
approximated by a sine curve. Then, While the smoothness of 
the line diagram is utiliZed, a secondary difference value is 
used as stored data. In order to be able to calculate original 
data values based on the respective compression values, or 
secondary difference values, ?rst original data value is 
inserted in the beginning of the compression data, primary 
difference value is inserted thereafter, and secondary differ 
ence values are described thereafter. 

In compressing a return pulse Pkn, as Will be described 
beloW, time series primary difference values and pulse order 
primary difference values are obtained. That is, initially, areas 
for storing ?ve return pulse data items (P111, P211, . . . , P5n) are 
ensured With respect to one laser pulse in a data string SD(P), 
With “0” stored in a portion free from any return pulse data 
Pkn. As a number of return pulses are obtained When a laser 
pulse passing through the leaves of a tree in Woodland or the 
like is re?ected. on a re?ective object on a ground surface or 
the like, as shoWn in FIG. 2, the possibility that return pulse 
data items Will be stored in all areas is relatively small. Even 
When a small value, such as “0”, is used to express “no value”, 
an area having a predetermined bit length identical to that of 
Where return pulse data of signi?cant value is stored is allo 
cated. 

In order to address the data redundancy problem due to 
such a data structure, header information Head_n is inserted 
into the break point betWeen a return pulse data group relative 
to the (n- 1 )th laser pulse and that relative to the nth laser pulse, 
and “value-less”data Which can be present on the higher order 
side in the return pulse data With respect to the nth laser pulse 
is deleted. In this embodiment, a one-byte area is assigned to 
the header information Head_n, With ?ve subordinate bits 
thereof indicating the last order and a return pulse data storage 
position. 

Further, in the head of the return pulse data group With 
respect to the nth laser pulse, Qln, or a time series primary 
difference value, is stored. In the above, 
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is held. It shouldbe noted, in the case of n:l , that P11 is stored 
intact. FolloWing Qln, Rkn or a pulse order primary differ 
ence value is stored. In the above, 

is held, in Which k is a value in the range from tWo to the last 
order of a return pulse With respect to the nth laser pulse. 

In the above, compression of laser measurement data out 
put from the pulse data production unit has been described. 
HoWever, the con?guration may be such that ?ight state data 
output from the GPS/IMU data production unit 10 is also 
compressed in the compression unit 11. 

With the compression of the divided resultant respective 
data strings SD completed, the resultant data strings SD are 
coupled into one ?le before being encoded in the encoding 
unit 110, as shoWn in FIG. 3 (step S4). Entropy encoding or 
the like is employed for the encoding. 

The completely encoded laser measurement data is sub 
jected to streaming processing in the streaming unit 12 to be 
ready for analysis in a ground base station during data trans 
mission (step S5), then subjected to carrier Waveform adjust 
ment in the transmission data conversion unit 13 (step S6), 
and output via the output unit 14 (step S7). The ?ight state 
data is also similarly sent via the output unit 14 to the ground 
base station. 

It should be noted that the transmission unit 6, the pulse 
data production unit 9, and the GPS/IMU data production unit 
10 can be realiZed using a computer program for causing a 
computer to implement these functions. 

In the following, a transmission method for transmission 
from the air vehicle 1 to the ground base station Will be 
described. FIG. 7 is a schematic diagram illustrating the 
transmission method. The measurement area 3 0 is scanned by 
a laser pulse emitted from the air vehicle 1 ?ying along a 
plurality of straight line ?ight fairWays 32 set above the mea 
surement area 30. The irradiation angle of the laser pulse is 
changed by the spin mirror 2b rotating so that scanning is 
carried out in a ZigZag manner in a direction intersecting the 
fairWay 32, using a laser pulse. Consequently, With respect to 
one straight line ?ight, a band area along the straight line 
?ight fairWay 32 is scanned by a laser pulse. The band Width 
is determined based on the altitude of the air vehicle 1 and the 
rotational angular Width of the spin mirror 2b. The plurality of 
straight line ?ight fairWays 32 are de?ned in parallel to one 
another With an interval smaller than the band Width of each 
thereof. For example, With the interval of the adjacent fair 
Ways 32 smaller than the Width of the band to be scanned by 
the laser pulse, the scanning areas associated With adjacent 
fairWays can overlap With each other, Which can help improve 
the measurement accuracy. 

In order to reduce the ?ight distance, the air vehicle 1 ?ies 
back and forth along the parallel straight line ?ight fairWays 
32 set above the measurement area 30. For example, the air 
vehicle 1 ?ies from left to right in FIG. 7 along the straight 
line ?ight fairWay 32-1, then turns along the turn fairWay 34-1 
to enter another straight line ?ight fairWay 32-2 from the right 
thereof, and ?ies from right to left of the fairWay 32-2. Having 
arrived at the left end of the fairWay 32-2, the air vehicle 1 
turns along the turn fairWay 34-2 to enter still another straight 
line ?ight fairWay 32-3 from the left thereof, and ?ies from 
left to right of the fairWay 32-3. As described above, the air 
vehicle 1 repeats straight line ?ight above the measurement 
area 3 0 and turn ?ight outside the measurement area 3 0, While 
measuring along the plurality of straight line ?ight fairWays 
32. 
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In the above, a period of measurement carried out using the 
laser measurement device is limited only to the period of 
straight line ?ight above the fairway 32, and the period With 
the air vehicle 1 turning along the fairway 34 is de?ned as a 
measurement suspended period. That is, the laser measure 
ment unit 4 and the GPS/IMU 22 obtain data and send via the 
pulse data production unit 9 and the GPS/IMU data produc 
tion unit 10 to the transmission unit 6 only during straight line 
?ight. 

Because the GPS/IMU 22 obtains data only intermittently 
at the laser pulse emission timings and there are many kinds 
of laser measurement data, the amount of laser measurement 
data obtained by the laser measurement unit 4 can resultantly 
be far larger compared to the ?ight state data obtained by the 
GPS/IMU 22. Therefore, the laser measurement data is accu 
mulated in the transmission unit 6 faster than the ?ight state 
data. In vieW of the above, the transmission unit 6 processes 
the laser measurement data With priority during the measure 
ment period, speci?cally, by occasionally compressing the 
received laser measurement data having been accumulated to 
be a predetermined ?le siZe and sending to the above 
described ground base station. That is, the transmission unit 6 
can devote most capacity thereof to processing the laser mea 
surement data during the measurement period, during Which 
?ight state data is not processed, and thus continuously pro 
cess the laser measurement data With priority. This arrange 
ment can improve e?iciency in data compression in the ?ying 
body and in use of the transmission path. 

During straight line ?ight, the transmission unit 6 accumu 
lates the ?ight state data. The accumulated ?ight state data is 
transmitted once the ?ying body 1 enters the turn fairWay 34 
and the measurement suspended period accordingly begins. 
Speci?cally, When the measurement suspended period begins 
With the transmission of the laser measurement data obtained 
during the measurement period completed, transmission of 
the ?ight state data begins. Execution of transmission of the 
?ight state data during the measurement suspended period, as 
described above, is preferable in vieW of the fact that, due to 
the amount of the ?ight state data, Which is small, as described 
above, the need to process the ?ight state data during the 
measurement period is loW and that the ?ight state data of an 
amount suitable for e?icient compression can be ensured 
When being accumulated throughout a measurement period. 
Alternatively, the con?guration may be such that the GPS/ 
IMU 22 outputs ?ight state data While the air vehicle 1 ?ies, 
that is, Whether or not the air vehicle 1 is in a measurement 
period. In such a case, an increasing amount of data is kept 
accumulated in the transmission unit 6, possibly reaching the 
?le siZe of a process unit, also during a turn ?ight period. In 
vieW of the above also, processing the ?ight state data during 
a turning period, or a measurement suspended period, is pref 
erable. 

It should be noted that the transmission unit 6 determines 
that the air vehicle 1 has shifted from straight line ?ight (or a 
measurement period) to turn ?ight (or a measurement sus 
pended period) by detecting that accumulation of laser mea 
surement data remains suspended for a predetermined period 
of time, and shifts to processing of the ?ight state data. Alter 
natively, the transmission unit 6 may determine that the air 
vehicle 1 has shifted from turn ?ight (or a measurement 
suspended period) to straight line ?ight (or a measurement 
period) by detecting that accumulation of laser measurement 
data begins, and shifts to a mode for priority processing of the 
laser measurement data. 

The ground base station receives the laser measurement 
data and the ?ight state data from the air vehicle 1, and 
restores the original data therefrom. Speci?cally, during the 
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8 
measurement period for the air vehicle 1, in the ground base 
station, the laser measurement data from the air vehicle 1 
keeps being accumulated and simultaneously decoded to 
thereby restore data strings SD(TS), SD(T), SD(G), and 
SD(P), Which are then held in the ground base station. Fur 
ther, the ground base station receives ?ight state data obtained 
during the measurement period corresponding to the afore 
mentioned data string from the air vehicle 1 in turn ?ight, that 
is, in a measurement suspended period, then decodes the 
received ?ight state data, and combines With the laser mea 
surement data string held in the ground base station to thereby 
produce ground surface shape data. Speci?cally, the ground 
base station calculates the position and height of a point 
Where the emitted pulse is re?ected to be a return pulse (a 
re?ection point) in a predetermined projection space, utiliZ 
ing an internal rating element based on the optical character 
istic of the air vehicle 1 and an external rating element based 
on the GPS/IMU data obtained as the ?ight state data. It 
should be noted that as the number of data items sent from the 
GPS/IMU is generally small compared to the number of 
emitted laser pulses, one-to-one correspondence is not avail 
able. Therefore, an interpolation value obtained based on the 
obtained GPS/IMU data is used as an external rating element 
for laser data other than the laser data corresponding to the 
subscript “n”, as described above. 
As the thus obtained point data has three dimensional infor 

mation, the ground surface can be draWn in dots, using the 
point data. Moreover, the ground base station can form a 3D 
image having a 3D polygon, texture, and so forth, for 
example, based on the calculated point data group. 

Here, the ground base station may have a comparison unit 
in order to quickly obtain information at the time of diastro 
phism, disaster, and so forth, by utiliZing the capability 
thereof for quick response. Speci?cally, the comparison unit 
compares the neWly obtained 3D image data and the existing 
3D image data to detect a difference betWeen the images. The 
detected result can be shoWn on a display unit in the ground 
base station, and re-measurement and/or enlargement of a 
target measurement area can be instructed to the air vehicle 1 
?ying above, When necessary. 

The invention claimed is: 
1. A laser measurement device for emitting laser pulses 

from an air vehicle to a ground surface to measure a shape of 
the ground surface, comprising: 

a laser measurement unit for carrying out laser measure 
ment using the laser pulses sequentially generated to 
obtain laser measurement data for each of the laser 
pulses; 

a ?ight state measurement unit for obtaining ?ight state 
data containing a ?ight position; and 

a data transmission unit for transmitting by radio the laser 
measurement data and the ?ight state data to a ground 
station; 

Wherein 
the data transmission unit is con?gured to sequentially 

transmit, during a measurement period in Which the laser 
measurement unit keeps carrying out the laser measure 
ment, the laser measurement data obtained during the 
measurement period, and transmit, during a measure 
ment suspended period de?ned betWeen the measure 
ment periods, the ?ight state data obtained during the 
measurement period. 

2. The laser measurement device according to claim 1, 
Wherein 

the air vehicle scans a target measurement area While 
repeating straight line ?ight back and forth, 
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the measurement period is set corresponding to a period for 
the straight line ?ight, and 

the measurement suspended period is set corresponding to 
a period for turn ?ight carried out betWeen the straight 
line ?ight and following straight line ?ight. 

3. The laser measurement device according to claim 1, 
Wherein 

the data transmission unit transmits the laser measurement 
data and the ?ight state data after accumulation of the 
laser measurement data and the ?ight state data, and 

the measurement period and the measurement suspended 
period are discriminated from each other based on a 
status of the data accumulation. 

4. The laser measurement device according to claim 2, 
Wherein 

the data transmission unit transmits the laser measurement 
data and the ?ight state data after accumulation of the 
laser measurement data and the ?ight state data, and 

the measurement period and the measurement suspended 
period are discriminated from each other based on a 
status of the data accumulation. 
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5. A laser measurement method for emitting laser pulse 

from an air vehicle to a ground surface to measure a shape of 
the ground surface, comprising: 

a measurement step of carrying out laser measurement 
using the laser pulses sequentially generated While the 
air vehicle carries out straight line ?ight above a target 
measurement area to obtain laser measurement data for 
each of the laser pulses, and of obtaining ?ight state data 
containing a ?ight position in parallel to acquisition of 
the laser measurement data; 

a laser measurement data transmission step of sequentially 
transmitting the laser measurement data obtained during 
a period for the straight line ?ight by radio to a ground 
station during that period; and 

a ?ight state data transmission step of transmitting, by 
radio during a period for turn ?ight in Which the ?ying 
body shifts from the straight line ?ight above the target 
measurement area to folloWing straight line ?ight, the 
?ight state data obtained during a period for the preced 
ing straight line ?ight to the ground station. 

* * * * * 


